Abstract: Presbyopia and cataract patients' desire for increased spectacle independence after surgery is one of the main drivers for the development of multifocal intraocular lenses (MIOLs) and extended depth of focus (EDOF) intraocular lenses (IOLs). As education, biometry, diagnostics, surgical techniques, and MIOL/EDOF IOL designs have improved over the past decade, an increasing number of cataract surgeons have become cataract-refractive surgeons to help address this need. There is not 1 single MIOL/EDOF IOL, however, that suits all patients' needs. The wide variety of MIOLs and EDOF IOLs, their optics, and their respective impact on our patients' quality of vision have to be fully understood to choose the appropriate IOL for each individual; MIOL/EDOF IOL surgery has to be customized. This review article looks at the different optical aspects and clinical consequences of MIOLs/EDOF IOLs to help surgeons find an appropriate solution for each of their individual patients.
S
everal review articles and meta-analyses regarding multifocal intraocular lenses (MIOLs) have been published in scientific journals, most of which investigate postoperative outcomes of visual acuity for far and near distance. The superiority of MIOLs over monofocal intraocular lenses (IOLs) with respect to near visual acuity has been demonstrated for more than a decade through meta-analyses of randomized controlled trials.
1,2 It has also been shown that this gain in near vision comes without a relevant decrease in distance vision. However, de Silva et al 2 questioned whether this intended improvement outweighed the possible adverse effects of MIOLs, such as halo and glare. This is an individual question that depends on the patient's motivation. 2 Visual acuity values for MIOLs have also been reported by Agresta et al. 3 A systematic review was conducted to identify studies reporting uncorrected distance visual acuity (UDVA) and uncorrected near visual acuity (UNVA) after cataract surgery with different MIOLs in presbyopic patients. Their filtering method yielded 29 studies. Although the results varied, all studies that reported pre-and postoperative values demonstrated statistically significant improvements in UDVA and UNVA due to MIOL implantation.
Cochener et al 4 conducted a meta-analysis of comparative clinical trials published between 2000 and 2009 that included bilateral MIOL implantations and control groups with monofocal IOLs. Random effects models were used to obtain pooled estimates for binocular UDVA and UNVA. On the basis of the presented results, the authors concluded that the considered MIOLs offered patients significantly better UNVA than monofocal IOLs. The corresponding mean values were 0.14 logarithm of the minimum angle of resolution (logMAR) and 0.47 logMAR, resulting in higher spectacle independence for the MIOL group. There were no statistically significant UDVA differences between refractive and diffractive MIOL groups.
De Vries et al 5 also systematically collected monocular and binocular UDVA and UNVA outcomes along with spectacle independence rates from 16 randomized clinical trials and 41 nonrandomized case series. However, one general problem with collecting visual acuity data from different publications is the variation in the presentation of outcomes. Some give Jaeger optotypes whereas others give mean logMAR values with or without standard deviation and so on. With respect to measuring techniques, thus far there has been no standardized way of testing near visual acuity.
Rosen et al 6 conducted a comprehensive review of peerreviewed papers published between 2000 and 2015 that comprises 4-to 6-month results for monocular and binocular UDVA and spectacle independence from a total of 203 studies. Monocular UDVA of 0.03 logMAR and 0.00 logMAR or better was achieved in 95.7% and 58.1% of the eyes, respectively. The mean value was 0.05 logMAR. Binocular UDVA of 0.03 logMAR and 0.00 logMAR or better was achieved in 99.9% and 79.2% of the eyes, respectively, with 0.04 logMAR being the mean value. Standard deviations were only given for a subset of the studies. The authors reported that 80.1% of the patients achieved spectacle independence. Although these averages were taken across all MIOL types, the values fall in line with visual outcomes after implantation of present-day MIOLs.
Additionally, stray light occurrence measured with the CQuant device (Oculus Optikgeräte GmbH, Wetzlar, Germany) has been systematically assessed in a recent review by Łabuz et al. 7 The authors showed that hydrophilic MIOLs, on average, showed less postoperative stray light than hydrophobic MIOLs.
A review article by Braga-Mele et al 8 provides a comprehensive overview of best practices regarding MIOL management, including thorough discussions of corneal-, pupil-, retinal-, and optic nerve-related issues, along with previous refractive surgeries that contraindicate MIOL implantation. The authors present suggestions for how to deal with intraoperative problems and dissatisfied MIOL patients. Besides this, they present helpful
Refractive vs Diffractive

Refraction (Refractive IOLs)
Light can classically be understood as 3-dimensional electromagnetic waves whose dynamics are described by Maxwell equations. Point sets in space that are equal in phase are called wavefronts and light rays can be understood as the normal vectors of such wavefronts. The formalism which describes the behavior of light rays is called geometric or ray optics and can be applied when the considered dimensions are much larger than the involved wavelengths.
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The refractive index of a medium is defined as the speed of light in the vacuum divided by the speed of light in the medium. When a plane wavefront passes the interface between 2 mediums of different refractive indices in a nonparallel way, the change in the light speed leads to an alteration of the direction of propagation of the wavefront. This change in direction also transfers to light rays as they are perpendicular to the wavefront. The corresponding functional correlation is the famous Snell law. Based on this law one can calculate an ideal aspheric 3-dimensional shape that theoretically gathers parallel light rays in 1 point in space called focus. However, a spherical surface is technically easier to produce and for paraxial rays it represents a sufficient approximation, causing only minor higher-order aberrations. Physical realizations of such shapes are called refractive lenses and there is evidence that simple refractive lenses have been used since antiquity.
12 They can also be designed as IOLs to be implanted during cataract or refractive surgery. In 1949, the first successful implantation of an artificial refractive IOL was performed by Harold Ridley.
Diffraction (Diffractive IOLs)
Another frequently applied principle in IOL designs is diffraction, which is based on constructive and destructive interference. Due to the wave character of light, wave crests and troughs can either add up (equal phase) or eliminate each other (reversed phase) at specific points in space. This mechanism can be used to construct a specially formed plate that delays the incoming waves in a way that their superposition after surpassing this optical element creates a pattern of diffraction maxima. The dominant maximum represents the lens' focus. The shape of such a plate resembles a Fresnel lens, which is a macroscopic lens with characteristic concentric ring structures. 13 Fresnel lenses were developed in 1822 for lighthouses where they concentrate light in the direction of the horizon. In contrast to a Fresnel lens, which can be simply thought of as a refractive lens that has been telescoped, a diffractive lens has surface structures whose dimensions are of the order of the wavelength, meaning they are so small that interference effects play the dominant role.
14 Usually, the characteristic diffractive ring patterns are incorporated only in the posterior side of an IOL whereas the other lens surface remains purely refractive. Also, these patterns do not have to extend over the full optical zone of this side. In this mixed case, the IOL is called refractive-diffractive.
Focality
Another defining property of an IOL is its focality. If the lens effectively focuses incoming plane waves in 1 single point in space it is called monofocal. If it is not monofocal it can either be a multifocal IOL (MIOL) [ie, it has several distinct focal points such as 2 (bifocal) or 3 (trifocal)] or its focus can be extended longitudinally. The latter case is called an enlarged or EDOF IOL. However, MIOL is often used as an umbrella term for both categories.
Typically, bifocal IOLs incorporate a far and a near focus and trifocal IOLs have an additional focal point for the intermediate range. In the case of refractive MIOLs, the optical zone is simply partitioned into areas with different refractive powers. Theoretically, this would lead to interconnecting edges between the surfaces; however, in practice these are often extended to smooth transition zones. There are rotationally symmetric refractive MIOLs with ring-shaped zones, such as the ReZoom NXG1 (Abbott Medical Optics Inc, Santa Ana, CA), [15] [16] [17] [18] [19] [20] and MIOLs with rotationally asymmetric segments, such as the bifocal LENTIS Comfort LS-313 MF15 (Oculentis GmbH, Berlin, Germany).
17,21-26
Diffractive MIOLs achieve their mutlifocality by an alteration of the step width and the ring width of the ring structure. For instance, a monofocal IOL can be created with a step width of n wavelengths with n being an integer. A bifocal IOL can be realized with a step width of (n + 1/2) wavelengths. The first diffractive MIOLs were bifocal for good far and near vision, while neglecting intermediate vision. In modern life, as work and leisure activities are dominated either by desktop or tablet computer usage, there has been high demand for MIOLs to also provide proper intermediate vision.
For a MIOL, the difference between powers of 2 foci is called the addition. It is usually specified under the conditions of the spectacle plane with air being the surrounding medium. After implantation, the IOL is surrounded by aqueous fluid such that the difference between the refractive indices of the IOL and its environment is decreased. This leads to a reduction of the lens' refractive power in the IOL plane. For power differences P, one can derive the approximate formula P(IOL plane) = 0.7*P(spectacle plane). 27 This formula holds for IOL cylinders and additions, implying that an MIOL addition of, for instance, 3.0 diopters (D) yields an effective addition of 2.1 D at the IOL plane corresponding to a distance of 1/(2.1 D) = 0.48 m.
Extended depth of focus IOLs have an extended far focus area which reaches to the intermediate distance. However, the different focality classes are not mutually exclusive because, for example, a bifocal lens with a far focal point and an adjacent intermediate focal point could effectively be seen as an EDOF IOL. Interestingly, even a purely spheric IOL has a minimally enlarged depth of focus, as it deviates from the ideal aspheric IOL shape and thus has spherical aberrations causing the extension of the focal point. The Symfony (Abbott Medical Optics Inc, Santa Ana, CA) 9,10,21,28-30 was the first EDOF-labeled IOL that was approved by the U.S. Food and Drug Administration in 2016.
Besides the purely physical characterization of the term EDOF, a consensus statement by a task force of the American Academy of Ophthalmology (AAO) was published in 2017 regarding the defining clinical properties of an EDOF lens. 31 The authors provided criteria regarding the performance under photopic, mesopic, and glare conditions and specified the minimum visual acuity levels of the device regarding far and intermediate distance. In contrast to the EDOF concept from optical bench measurements used in our classification, their approach is solely based on clinical postoperative measurements. It requires a minimum of 100 EDOF patients relative to a corresponding control group of comparable size with monofocal IOLs. Performing defocus curve testing monocularly and best corrected, they defined the depth of focus as the interval of nonpositive defocus values that yields at least a mean visual acuity 0.2 logMAR (20/32). Among other criteria, this depth of focus then has to be at least 0.5 D wider than for the monofocal control group at 0.2 logMAR to be a candidate for an EDOF IOL. For most MIOLs, such data has not yet been published. Thus, future comprehensive comparative studies are necessary for the AAO definition to be applicable.
current MiOls and eDOF lenses
An example of an early refractive MIOL with 2 zones was the NuVue (IOLAB), introduced in 1987. 32 The first diffractive MIOL was the 3M IOL which was introduced in 1988 and had a near addition of 2.5 D or 3.5 D 33, 34 ; we now have 30 years of experience with the implantation of MIOLs.
Using the previously explained degrees of freedom "refractive vs diffractive" and "focality" as a kind of coordinate system, Figure 1 provides an overview of several currently (or until recently available) implanted MIOLs. Note that the categories are not prescriptive, with some MIOLs located in between categories.
As there is a large number of MIOLs from numerous manufacturers on the market worldwide, we selected a representative subset of lenses for the different MIOL classes. Table 1 comprises more detailed information about their physical properties. It should be noted that some of these MIOLs were renamed (eg, the diffractive bifocal AT LISA 809M was formerly known as ACRI. LISA 366D) and in these cases, only the current name was used.
Considering the haptic (ie, the extension to the lens that mounts the MIOL in the capsular bag) there exist several common designs such as C-loop or plate haptics. The latter has the advantage of higher rotational stability, which is important for toric lenses. Predecessors to current models may have had different haptic designs, as is the case for the refractive rotationally asymmetric bifocal LENTIS Mplus LS-312 MF15 (C-loop) preceding the LENTIS Comfort LS-313 MF15 (plate haptic). Both IOLs share the same basic optical design with a relatively low addition of 1.5 D. As this review mainly focuses on optical properties, Table 1 does not distinguish between haptic designs. An exceptional lens with respect to haptics is the WIOL-CF (Medicem, Kamenné Zehrovice, Czech Republic) 35, 36 because it has none and thereby resembles the natural lens. It is a refractive EDOF IOL with a hyperbolic optic.
As corneal astigmatism over 0.75 D can lead to a significant reduction in UDVA after MIOL implantation, 37 many MIOLs are available as toric variants with different cylinder powers. If, for a specific MIOL, there already exists or will soon exist a toric version that is more or less based on the same platform, this is indicated in Table 1 . Toricity can be allocated to either one or both sides of the lens. The latter case is called bitoric. The AT LISA tri 939MP is an example of such a lens.
An optical principle that cannot be assigned to either the refractive or diffractive category is a small aperture lens. Similar to a pinhole camera, this type of IOL does not bundle light but simply cuts off all rays that do not pass the lens' central region. With decreasing aperture diameter, the depth of focus increases and the image gets dimmer. However, Fraunhofer diffraction limits the resolution leading to object points being imaged as Airy disks for aperture diameters of the order of the wavelength. An IOL using this principle is the IC-8 (AcuFocus Inc, Irvine, CA) which is listed in Figure 1 in a separate row labeled "pinhole." It was investigated in a paper by Grabner et al 38 : the authors concluded that a monocular IC-8 implantation represents a promising treatment option for presbyopia correction in cataract patients. An advantage of this pinhole mechanism is its relative insensitivity to corneal irregularities, therefore providing a new treatment option for such patients. 39 Of course, perfect centration is essential for this particular type of IOL.
Regarding the optical bench properties and postoperative visual outcomes, corresponding values can be looked up through Table 2 . There are several hundred peer-reviewed publications related to MIOL outcomes. Accordingly, our list can only cover a small part of all the existing literature and so serves as a rough overview. In this review, we cannot cover all possible aspects of in vitro optical bench measurements and postoperative assessment after MIOL implantation. In the following sections, we highlight several selected measurement methods that are relevant to MIOLs. For further information on contrast sensitivity, visual symptoms, spectacle independence, and patient satisfaction we refer the reader to the previously mentioned reviews 4-6 and references therein.
Modulation transfer Function Measurements
If clinical data is not readily available, as is the case when a new MIOL model is launched, the surgeon has to rely on optical properties to get a basic understanding of the IOL's expected visual performance after implantation. Such properties can be investigated in vitro via optical bench measurements. The point spread function (PSF) describes how an ideally point-like object is imaged by the given optical system. Calculating the maximum intensity of this observed image and dividing it by the maximum intensity of a diffraction limited ideal optic (ie, an Airy disk) yields the so-called Strehl ratio. This characteristic quantity is a frequently cited parameter in in vitro MIOL studies. From the PSF one can generate the optical transfer function (OTF) 40 via a Fourier transformation. Its modulus is the so-called modulation transfer function (MTF). The modulation of an intensity distribution is defined as the difference of maximum and minimum intensity divided by their sum. It assumes values within the interval (0.0, 1.0).
Regarding an optical system, an MTF value is given by the image modulation divided by the object modulation, also yielding values within (0.0, 1.0). The higher the MTF value, the sharper the object is mapped onto the image plane and the better the contrast is preserved. Typically, the objects in MTF measurements are represented by monochromatic sinusoidal spatial intensity patterns of a specific frequency. For assessing the optical performance of an IOL, currently the frequencies 25, 50, and 100 cycles per mm (cpmm) are used with green light of 546 nm wavelength (ISO standard 11979-2:2014). However, nature and everyday situations visually do not appear as single monochromatic sinusoidal patterns, yet mathematically, they can always be decomposed into sets of such patterns. This also holds for letters or symbols, which are commonly used in visual acuity measurements. 41 Thus, an interesting question is, how can in vitro MTF measurements be translated into postoperative clinical visual acuity measurements? Several metrics have recently been proposed by Alarcon et al 28 that are based on taking a linear combination of MTF values at different spatial frequencies. The authors demonstrated that their method was able to predict postoperative visual acuities for several refractive and diffractive MIOL types. There is an ongoing discussion about which method is most suitable for this purpose. 42 clinical cOnsequences
Defocus curves
Providing potential MIOL patients with information about expected visual outcomes over the full range of distance is key for a surgeon. However, measuring visual acuity at far, intermediate, and near distance in daily practice is often limited to typical distances like 6 m, 80 cm, and 40 cm, for which corresponding Early Treatment Diabetic Retinopathy Study (ETDRS) charts are at hand. This practice omits in-between distances. One way to measure such values without using a very extensive set of charts is by utilizing a phoropter and 1 ETDRS chart at far. Adding a spectacle lens defocus of power P then effectively simulates corresponding distances of approximately 1/P. Plotting the spectacle defocus power against the achieved visual acuity creates a socalled defocus curve. 15 It gives an illustrative overview of the IOL.
For shorter working distances, pupil response and eye convergence are neglected whereas lens magnification has significant impact. It follows that defocus curve values can only be interpreted as lower limits for the real visual acuity values. 43 However, for the comparison of different IOLs, defocus curves represent a useful tool. Furthermore, they indicate how forgiving an IOL is in terms of postoperative residual spherical equivalent. Assuming a defocus curve is flat around the origin, on the one hand, postoperative manifest refraction will be hard to obtain. On the other hand, this implies that small residual refraction values will impair visual acuity only minimally if residual astigmatism is negligible. The information of the defocus curve over a specific range can also be condensed into a single value by simply calculating the area under the defocus curve. 15 Whether this is performed in log-MAR values or decimal units, it basically represents a metric for the average visual acuity over the considered interval. We call this quantity the MIOL capacity. Defocus curves and MIOL capacities for several of the lenses listed in Table 1 were measured by our group. The outcomes have been presented at recent international scientific congresses 21, 22 and can be found in Figure 2 . Strong correlations between clinical logMAR defocus curves and the previously mentioned in vitro MTF focus through curves from optical bench measurements were found by Plaza-Puche et al 44 for different MIOLs, allowing the prediction of postoperative defocus curves from MTF values.
MacRae et al 31 recently gave recommendations regarding conducting postoperative defocus curve measurements in a reliable way for MIOL classification.
pupil Dependence and iOl centration
Another feature that is unique to MIOLs and EDOF lenses is that they can be designed such that the distribution of incoming light into the different foci varies gradually with the pupil diameter. To achieve this, optical properties of the IOL have to continuously change from the center to the edge of the optical zone. Such MIOLs are labelled as apodized, if diffractive. This concept is often implemented in such a manner that the near focus is more pronounced for small pupil diameters than for large. For near tasks such as reading, we generally use photopic light conditions, corresponding to a small pupil. Also, when switching to the near distance, the accommodative reflex adds to the reduction of the pupil diameter. This means that, on average, far-dominated activities are related to dimmer light conditions or even mesopic and scotopic illumination, such as driving at night. In these situations, the pupil is larger and more light is allocated to the far focus of the IOL. This way, apodization tries to imitate normal physiology. It played a crucial role in the development of the refractive-diffractive ReSTOR IOL 45 and was reported by some studies to outperform other diffractive designs with respect to UNVA. 4 Refractive IOLs with pupil-diameter-dependent energy distribution are often labelled with the term progressive. The refractive Mini Well (Sifi Medtech, Lavinaio, Italy) EDOF lens 29, 46 can be cited as an example, as spherical aberration varies and even changes sign as the radial distance to the IOL's center increases.
If the light distribution varies over the lens' optical zone, as is the case for apodized diffractive, progressive, or zonal refractive optics, proper centration of the lens plays a crucial role. Because decentration is hard to systematically assess in vivo, Soda et al 47 performed optical bench measurements of different MIOL types, analyzing far and near MTF values for decentrations of up to 1 mm. The authors demonstrated that, depending on the optical design, a residual decentration can cause significant loss in visual outcomes.
A counter-example is the diffractive trifocal PanOptix TFNT00 (Alcon), [48] [49] [50] which is nonapodized and thus has relatively constant optical properties over the optical zone. Consequently, it is insensitive to moderate changes in pupil size and IOL decentration.
Mix and Match, blended Vision
In the case of bilateral MIOL implantation, different types of MIOLs can be combined to improve patients' binocular visual outcome at desired distances. If their additions differ, this approach is called "mix and match" or "blended vision." There are few scientific publications dedicated to this topic. Yoon et al 16 conducted a study where they implanted the diffractive bifocal Tecnis ZM900 (AMO) with an addition of +4.0 D in one eye and the refractive bifocal ReZoom NXG1 (AMO) with an addition of +3.0 D in the other. The authors demonstrated that the implantation variant yielded good binocular intermediate and near vision and no significant increase of halo and glare compared with unilateral MIOL implantation. In a noninterventional 2-arm study by Gundersen et al, 51 2 groups were compared, specifically subjects implanted with a refractive-diffractive ReSTOR (SV25T0 with +2.5 D addition in the dominant eye and SN6AD1 with +3.0 D addition in the nondominant eye) and a second group with the diffractive trifocal AT LISA tri in both eyes. Their results demonstrated comparable binocular near vision, distance vision, and defocus curves. Another study compared the first variant with bilateral implantation of the +2.5 D ReSTOR, showing significantly improved binocular near visual acuity.
52 Mix and match strategies were also investigated for refractive segmental MIOLs.
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Another way of achieving blended vision is to choose a negative target refraction in the nondominant eye. For small deviations from emmetropia such as −0.5 D, this approach is known as mini monovision. However, in our own investigation we chose bilateral implantation of the refractive bifocal LENTIS Comfort LS-313 MF15 with a more myopic target refraction of −1.5 D in the nondominant eye. 22 The blended vision group displayed improved binocular UNVA and uncorrected intermediate visual acuity (UIVA), whereas UDVA did not decrease compared with patients with emmetropic vision. At each distance, binocular visual acuity roughly corresponded to the maximum visual acuity of both eyes.
These studies indicate that mix and match and blended vision with MIOLs or EDOF IOLs are promising treatment options for cataract or refractive surgery patients who strongly desire increased spectacle independence; blended vision with EDOF IOLs particularly represents a viable treatment alternative 19 19,66 18,46,50,66 10,19,44,46,50 to trifocal IOL implantation.
photic phenomena
Another important aspect of MIOL or EDOF IOL implantation is the perception of postoperative photic phenomena that can potentially compromise patient satisfaction. Generally, when light enters the pseudophakic eye, several mechanisms can disturb the ideal light distribution on the retina. This ultimately leads to a perception of a flawed or imperfect picture or even ghost images and shadows. The terminology that is used throughout scientific literature for categories of such photopsia is not uniform; however, the phenomena can be classified according to their origin.
Some of the causal mechanisms do not depend on the focality of the intraocular lens. The simplest mechanism of image degradation is the scattering of light on imperfections in the optical media. Production errors, damages induced by handling and injecting the IOL, cellular precipitation, general decrease in IOL translucency with time, and glistening (tiny vacuoles sometimes present in hydrophobic IOLs) are examples of sources of stray light. 53 Of course, scattered light is also the main reason for impairment of vision in the case of cataract patients. Ehmer et al 54 measured stray light with the C-Quant device (Oculus) and performed a subjective patient questionnaire after MIOL implantation. They found that diffractive MIOLs displayed more stray light than their refractive counterparts. One possible explanation for this might be that each edge in the typical diffractive ring structure is a source of diffractive stray light, as can be seen in Figure 3 . The fact that one can see the rings when illuminated from the outside implies that incoming light is scattered in almost all directions, including backward. Thus, the light distribution on the retina will be rather extensive and smooth, causing an overall disturbing brightening in the field of vision. We classify such behavior as glare.
When light strikes the edges of an IOL optic, the angle of incidence with respect to the bordering surfaces can be close to the critical angle of Snell law, leading to reflection of the light rays. Effectively, this will cast a shadow on the peripheral retina in the initial rays' direction while illuminating another more central retinal area. The corresponding phenomena are called negative and positive dysphotopsia, respectively. Such a situation can occur, for example, with decentered IOLs, small optic size, large pupils, or light rays that enter the pupil at an oblique angle. 55 The edge design also plays a crucial role. For instance, nonfrosted truncated (double-square edge) IOL designs can produce a ghost image up to 10 times more intense than a double round-edged IOL.
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Positive dysphotopsia symptoms are described as bright flashes, arcs, halos, or sprinkles of light and are usually strongest in scotopic light conditions under which the iris dilates.
56 Negative dysphotopsia is characterized by a perceived shadow in the temporal visual field.
So far, the types of dysphotopsia mentioned can occur regardless of focality. By design, MIOLs come with an addition that, when correctly positioned, always leads to a portion of light being defocused. Instead of a single point, the image appears as a blurred region. Assuming a simplified eye model, the halo's angular size is approximately proportional to the defocus power.
57 Due to energy conservation, its intensity is consequently quadratically reciprocal to the defocus power. Increasing the defocus therefore leads to a halo growing in diameter yet fading in intensity. So far, it is not fully understood which configuration is perceived by the visual cortex as the most disturbing. Furthermore, the shape of the halo resembles the shape of the defocusing part of the optic. This has been nicely demonstrated by Alba-Bueno et al 18 for the refractive LENTIS Mplus LS-313 with a rotationally asymmetric sector-shaped segment with a +3.0 D addition. Defocus, of course, is also present after IOL implantation in the case of residual refractive error, or even exists purposefully in the case of blended vision with the nondominant eye having a nonemmetropic target refraction.
Mathematically, defocus corresponds to the Zernike term Z(2,0) in the Zernike decomposition of the wavefront error. Coefficients Z(n,m) with n > 2 such as coma Z(3,±1) or spherical aberrations Z(4,0) are called higher-order aberrations and can be important contributors to halo creation.
Thus, halos, from a physics standpoint, are inevitable with MIOL and EDOF lenses. This fact is highly relevant, as in a survey Mamalis et al 58 showed that halos and aberrations are a potentially adverse effect whose occurrence represents the main reason for MIOL explantation.
The patient's resulting subjective perception of the photic phenomena after MIOL implantation will be a superposition of all contributing factors, making it hard to disentangle and identify dominant sources in any individual case. Besides the mentioned physical aspects, the neuronal processing of the photopsia-related light distribution also plays a key role. Development of tolerance and increased halo awareness are both conceivable. This neural adaptation process can take several months.
Due to their subjective nature, a valid quantitative assessment of postoperative photopsia is hard to obtain. Numerous different kinds of measurement techniques have been investigated in the recent past. These include direct quantitative halometry, 57,59−61 indirect matching with a graphic simulation, 21 or simply conducting a quality of vision questionnaire.
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In our own study, 21 we discovered that diffractive MIOL patients tend to tolerate less halo and glare compared with refractive ones (Tecnis Symfony ZXR00 vs LENTIS Comfort LS-313 MF15). However, a meta-analysis by Cochner et al 4 did not find significant differences between refractive and diffractive MIOL types with respect to halo incidence rates, showing the need for further investigation. It is important that the surgeon asks patients about their work and recreational activities to get as complete a picture as possible of each patient's predominant visual needs. If, for example, manual or computer work is an integral part of the patient's lifestyle, good intermediate vision should be supported by the chosen MIOL. If spectacle-free reading ability is strongly desired, an MIOL with a corresponding near addition might be the lens of choice. If both distances should be supported, a trifocal IOL would be suitable. Multifocal IOL defocus curves and capacities (Fig. 2) provide the surgeon and the patient with helpful information for this decision process.
As multifocality is usually linked with increased perception of halo and glare, the patient's tolerance toward such photopsia also plays an important role. During preoperative consultation, the patient must be informed about the possibility of halo and glare and the expected intensity for each specific lens type. A more relaxed personality with a readiness to compromise often indicates higher compatibility with MIOLs, especially trifocal lenses, than a hypercritical and obsessive patient.
8 From our personal clinical experience, we have also learned that significant preexisting halo and glare often coincide with increased postoperative photopsia perception.
The surgeon's familiarity with IOL characteristics, such as postoperative defocus curves along with the incidence and intensity of photopsia on the one hand, and perceiving the patient's personality and visual needs on the other hand is paramount for meeting patients' wishes for spectacle independence and therefore achieving a high degree of satisfaction.
We achieved very satisfying results with refractive segmental EDOF IOLs implanted in a blended vision variant with emmetropia in the dominant eye and −1.5 D as target refraction in the nondominant eye.
22 Patients with this combination are able to live spectacle-free, except for small print reading, with the incidence of only minimal photic phenomena.
